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(54) CMOS SENSOR HAVING COMPARATOR AND ITS OFFSET VOLTAGE REMOVING METHOD 

(57)Abstract: r 
PROBLEM TO BE SOLVED: To provide a CMOS image sensor having a comparator in which | 
current consumption and chip size can be reduced, while reducing offset voltage efficiently, 8j 
and to provide its offset voltage removing method. 

SOLUTION: The CMOS image sensor comprises an image-capturing means 120 for capturing 
an analog signal corresponding to the image of an object, an analog/digital(A~D) conversion 
means 220 for converting analog signal into digital signal utilizing a lamp signal, and a lamp 
signal generating means 410 for outputting a lamp signal to the A-D conversion means, 
wherein the A-D conversion means comprises a chopper comparator receiving an analog 
signal and a lamp signal. Further, the sensor has an input capacitor for receiving the start 
voltage of a lamp signal, to induce a voltage having the level of the start voltage at the time 
of reset mode, and to induce a voltage having a level corresponding to the lamp signal at 
counter mode time, in order to eliminate the offset voltage of a CMOS image sensor. 
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*ti«t5fcftW^ ^ - ft 1 2 7^-7' 

S7ta Jf-Ti/#/l> (A-D) fftf^2 2 0,i:, A 
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^&fiiaH-3 -Y ^-^«i#8i, 
6 r p ^* - 5* v* * /u*:*^©: £ , 

nfner p ^ - 7^ * /uasfc^ai- nine 7 ^-/^^ w 

CMOS-/ ^ — v^ir^-^W^-7-fe >y h "f-fc 

7- * A*i«ia5 ; c «t «? £ n s a»<n y=?-k mm 

f(Olt^i?r^t6CMO S -Y ^ -v'-tr >"tf\> 

ffifgd7>^t^-|S^^i-*ft'^tbS«2 x-Y s/^, 
wrEJR l RteHMBSoA^ kU*k ^il^i"^^ 3 **Y 

HulEfS 2 * * '^I/* icSfe £ tl 5 ® 2 5tlS±@*gi& £ > 

tfrstK 2 RftflffigwA* t tu^j £ sris ts^r 6*' 4 x 

riMEA** rWrESf i ^-Y 7^;&0<rifnE^2 

[ffi*3S5] wfiESfi 7^»i, mfty*i??>i>mffl 
#jfi 4 ;zWE^coh:«?^i^^ *r+ 5 c mo s -y t - ^-t? > 



(riE©60it«^B^*ri*s cmo s -y / - v-fe >f- 0 
7 ] w*3a i «c»«tf>ifc*««**r-*-s cm 

RiifE 7 M4fe»J£ £ m'fEA* * -V > * (c^it 

10 y'y~ft^ 

ts^a y^ittts^fea*-******!*- K^7^y 

^vp^ o ^^(^UT^>"^-5Mpd7>7Mf-§-^fd7 e - 

tf- Sr»»t -rsjt«»B**-*-s CMO S Y > — ^ 

|Cffi*^lt«*B*-ft""f-«CMOS>f — 
74r^y h«ffiB*5fe*» 0 

tt^) CMO > - yi? CD^7 1 7 hflfflEBS** 
ife 

30 [JIW<D»JBlftBlWl 
[0001] 

[*W^JB-t-6ft«»»] cmos^"^ 
y v 0 ItlfElSiE**-*-^ CMO S-Y j< — 

[0 0 0 2] 

— Mxfr^> -Y7«-i?-fe>*4:l±*fcR)C+ 
S ^^^t^.K^^JffibT'Y^-v ; ^M^ (c a p t u 
re ) fSKB^ot, ^i"CBB5g$ixfe-Y>-^-fe 
40 >i^(0^ir^CC D (Charge Coupled 
Device) Lf:t)(?)tfcoto UA^L. i£*F- 

CMOS (Complementary Metal 
Oxide Semiconductor) ttftfa'TMS 

^n?git-r^^<tic^or, CMOS ^7^^^^^ 

oT*^^> CCD-Y^— *J^>^\V%\<D%fa^l&\z.& 
50 «JtSlSSHfcrtD/-f'>^^S»«SrWic«^-C 
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[0003] nit x^^^tnsiara^n^i— ffiu-> 

7!i>^(Correlatedl)ouble Sam 
pi ing, WT, CDS ^iitSCM 
O S O -;t > t^#y n ;/ ^ ijJtMT^Oo Ml 10 

^^CO^fit^-tr/U^-^^-V/^^ — V (b a y e r p 
a t t e r n) \CT U-Y $ *L7t fcf^ ir /UT U-Y 1 0 0 

p £ 9 > ^ff * t ifctt-f 5 it«*r 

20 0 h lt«S»7 UY 2 0 0 «t 9 fl|*SnSW^ <t 

>fH*SSiifc7>fw^7r3 0 0i:, kffic07*n 2 o 

*/MHlJfflIffl5 5 0 0 t , fv^ 'KWIWaB 5 0 0 oWflp(9-» 
|:J:ot^t/U7 ^-((DWfcff (ROW) 
ll^^*7jfSp-f o o 

[0 0 0 4] r^T% li:RS7K 2 0 0fi:, t'^ir/u 

n^en© jt«»jitb«c»d^ffiR u tc = 7 * ^ r -f- p ^ e c 

£ titbit? v Wh , t°^i?^TW 1 OOCOnyiN 
113^1x^:7^^^77 3 0 0l:»«$H5 o 30 

5/^7Mli(:^£ot7^ w<7 7r 3 0 0Ht 
^bjc^n^o 7^y/<77 7 3 0 ojcH^^^fcr^^ 
fc° 9 ir /MHt^ CMOS-f> — ^ir^^cor"^^ yuffl 

Ws 0 oiaot^ ^->>7 0 nir'»^^nfc^;^, 

jtr, n-r3-^6 0 0li s t^ir^7'U^c7) 1 7-T > 
*r»«LTIfctt»T i/Y 2 0 Ofct^ir/Wt^PMP^ 
J: 3 t£-t~&t8l£E£rfif ? 0 7>"/fiW4 0 0 

fi, 7fp ^7 y/if tth^T u^f 2 0 0 40 

[00 0 5] I2lt il(DCMOSY^-vt>t<0 
£f*Wfc y a 7 * CO A* lb l£tf£ t° * -fe 'l-COmmiM^&zr 

fc£ 0 J£*T\ l«!2WN3ML/^^CMOS'fy 
— v ; ir>^-(cio(t5T^p ^t^ir/up:^, CDS^ 

«WJ-*-* t . so 



[0 0 0 6] *i\ I2!rflttill J^Sct^irnWc 

mnZ^rttl^-r^mtib^ir/H 10^. 7>7'{|^i:* 
{4fc°*-ir;W 1 0<r>ltiti15^b&btmi ^Jt«?^2 l 0 
it+$^2 l Ofom^JcJ:or^^>^ (M^-tir-f) 
-e* * ^7* w > ^ $ *tfc5* v- * 5 7 7 *-r 

U^^/U3 1 0 ^b^5o 

[0 0 0 7] Wi/.t'^-fe/H 10 13, 4*£fli3&»kc9 

*^«tottttEE3iSHitJP$tiS7^ h K32h 

h7Vy^nx^ 6ih7yv^^Tx^U7 
* h^^j— K3 2fcfflAD$ixfc«EE«r'y- h-CA^^ 

i5ft^^^-fr5y — * 7tPT (source f o I 
lower) F7>'/7^Dx^ V — ^7tn7h7 

hF7»^^Rxt 77.^- nr-e£h!c£ft;/tf8 
[0 0 0 8] r w-c, ¥{£t: 0 ^-fe/n i ocoy-tr 

7 h F 7>^ ^ R x — ( t u r n — o n ) 

fcjil>7>^nxi^-yt7 ( t u r n- 

o f f) $ft, tu^t/ayhvy^^Sxfi^-y 

10<7)iE (+) A^^i^A^^H. ®l#N^7>7"(I 
#tfJt«»2 1 OWfl (-) 7vA»«-A**ix5« - 

ittt»2 l Oii, A^Sttfc^«-^Sr5l^jK#Jttt 
LT, IE ( + ) AJjiQ\zAJj£titi}) -fe 7 h u^/H:» 

lOici^-Toc y^ylt^-tlit. ^D^c^ct- 

[0 0 0 9] Ktt. m 1 #Ro97 V7 P ff^- 

>7-^>^SrBS*fiLTJt«clS2 1 0 J: t» ttl^fSflr^m* 

^t^)7 y^T u->Tir/U3 1 0 IckE&W-^ Z <t tc^ 
<5fiTC-&<S c 0 3c^Aife^^^i>> 

[0 0 10] #S:t: 0 ^ir/H lOOIityhF 

7>^7^Rx^^->t7$K, fcIh7>">'^^T 
x t*tr U^i7 3 > h7>"^^ Sx^^-vt>^f 

7* K3 2^ffl-ft(o«i*(ci£;i:-ci8iSf 

^lSto c wO^, 7^h^ft-K3 2T'tS]g$ 
nt:ff^^ffiir(^i'i.fcr-^iJi^M^2 1 
OcoiK (+) A^^icA^i^n, — ^2#0CO7> 
^(H^tttScS2 1 O^ft (-) ATj^JCA^^nrJt 
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<ft<50*, it®** 2 l 0 £*)l\\1jisti<btim>K£*)Z:<D 
-fe/w3 l 0{cfe^i-*5c^^^5o *^>^(*. g]3^ 

* — ism*. V ir ^/ h u^J^WLh^—Z u^/wm* 
fcZmmLtzy y^T u>T cOfi^Sl Mc$| I ^cfK£*f]ffi 
-r^>o Z^X i ic-f-& c £ fc £ ^ , t'^ir/uri-^^T. 10 

Hj^-rs^^T't^). El 3 (1,7^^ V7°fH 

S-<n o % l # H W7^B tf * ir/u^r y -tr y 

[0012] |3| 4 ii«W41t«t»^|n]KP|-c*)S 0 20 

5 G »ttlC CMOS*»ttM*(A, ittt«J*#V^7"fe 
(offset) am*r*"L-C*3i9^ CMOS-/ ^ 
- v>ir > HJ-<z>lt«35-«r-L8£ff> <fc 9 4'CMOS Klb4l«S 
lei SHftft+5»e\ JScBr«8c«-t-SJt;««^^-7-fe^ 

(Fixed Pattern No i s e) Htl 

n5HBjSi s *«o flaaiL^cns^cicoj: 9* 30 

B«*-«*l«i-53&s, CDSM(it7ir ^ hmjig 
**7 ? ^^^(SWcSE*L5 ? ^^0l#JI»Sr¥iJfflLr 

[0013] E5li, Si©7-f y^77r 3 0 oco:/ 
^tcj; '9 fc'*1r/U(0fiffi&xi'*Mt^icX»L J: 5 40 

[0014] ^lt, -fi-^v^y V^«0fc«>c0*J»(a 

^ii^n -y ^-^-trv-^oft^s^'ica 

$6 £ * $ , w*t«r3t*+ S 1t#><nffl'MB S-**fl£ 3 it S 
(Static) «St*r«Et^rati-fcaC), «4ifi!M** 50 



KfF.tfatffS*^, ^tv;n>v (Dyna 
mi c Range) I ^l*ffiffl±«OffllS^& 

6 0 :wj:5ftll!«^!:t, CDSM^f^.^ 
fT.fj>tiim^(0^ry±y hSmtcJ: 19^^-5 r^ic J: o 

[0 0 1 5 ] 

[RWa<«&LJ:3£-r5l!IUHl ^Ct\ -MeWli, ± 

CMOS-Y^ — i>±^X^y± y hfitflZ4:3WiWlc(£ 

Wt* 5JtfiSR^StS CMO s -Y ^ — v^-fe ^iJ-Rtf 
-t<0*7-try h«£EI»±;*as*iBtHt"*'5w4:5c-t<DaW 

[001 6 ] 

lefc *ftfc**W{c J: 5Jt«SSR4r*-*-S CMO s -Y ^ 

Bi'fKr+n^— T^^/uXtJl^Sktt, mfEr+n^ 

CMO S>T v^irv^co^^ir y hffl£ESr*< i" 
yir^ h-e- K-Cfc5W. y^fi&wMtt 

K"C*>sw*ctt, p >y ^;c/CDr«^-r 

SwJie? ^:/{K-^{C3£^-r& U"</ucD*FR*ri»jSi-SA 

[0 0 1 7] ^yc. ±BBH»SrMlrici-S/t«)Jc4:$tiyS: 
W (c «£ 5 it 5r Wi" «5 C MO S -Y ^ — v'ir > * 

tSCMO S^Y^— ^-irVih^rSIIili^-frS/c^co^^ic 
*5i*-C\ Sfttd9>7 p (3#<oH*6an:*«ft»iiA^^-v^<^ 
^(c^m^-tt. rti^PNrtcMSe^Y — ^M»#«<oy 

*-b*x7-y-?k* mia-Y>— i^Mfli*aa»btti**ix 

[0 0 18] *«Wt*. Y>-S?t>fWl: '^ir;^^ 

icftffl^ixr#fcx^^^fiSitBasHfc-fif->^y 
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(Correlated Double Sa 
mp 1 i n g) &f£ffl-£-f, ri-a^«]Si*l!HS*t*:— 

[0 0 19] «^l:jo^t, T^n^ffl^iaH^ixfc 

t\ t^^^^ii^7 r ^^^5l#^^^^^^^J9, EI 
lfR*r*&«ctti*«c«ja+sr t^-e*So cmo 

[0020] Sfc, *»W^lt«3SBtts A^jyj-^iry 20 

£3^3 y^M (Chopper type) lUHRrfctfc 
y^^tttt»«:*t«»^ L X*i >'<-*&m^2><DX\ 

[0 0 2 1] 

^•f-SCMOS^ * — v^-trv-^^t^-eco^-^ir y h<EIE 30 
W+S. 8 6 14, iMtw^a y^S!«£EW:«c»w|HJKia 
^(iZlocoAVj^^T-V n , V P Sritegy - K A i 

-v'l 0 fc, ItRy-KAiSl^f-vl O&iggrf 

asBi c it, »2^>'«— * 1 

2^W<— * I N 2WSS^ig)i*$nfcfB4^>f' y^S 4 40 

(CI amp) 1gJE£\ S2*^/^C2lil2 
— >?2 0co^ y^VW^^^tV^rtr^o 

[0022] H7i4, y- y^y'm.rc-^mu-t^b^ 
A^<ta3^Kcx.r y^-sraajtr, M&£i±*xf4"^w<- 

HfftfLfcJ: vie, ^3 y<fflJfctt*li. MOS 
h^>> ? ^^lc c J:9«fi£$tt^fl|*co^^v/f 1 Sl, S so 
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2, S3, S4^f X.5A\ rcDt*6\ *iaf-Y>^3i^ 
v-3> (Inject ion) ^lC£<oX, KffiCOl*^ 

(ztt^xmtbX'hz^i&x&Zo 
[0023] ^-rj; 1 n, 

[»5t 1 ] Voffset=Vth/ (Ai X A 2 ) 

v t hte^3 ^>'<fflit*»{B<n*<wjHW'7 ,f v?*^ 
lslBfU»i-5n^y^ U#V^«EiR*, A.&T/A2I4 

[0 0 2 4] 118(4, #3§iE<D£?i; Li*— SiSMlcJ:* 

*4\ Jfc*»2 2 0, *fi^t;H2 0, 7>^Sfl-di 
04 10, 7 y^-fe^3 2 0&t>*T^n y*ff-5HC*jj£ 
tSfy^^MS-StS^^^S 1 0 (CMOS^ 
y — >?ir > * <D f *J * frM'M&l teffffi) ioji * n 
Tl^ a w^T\ tt«E»2 2 0(4^3 y^^«!lttt»^9 

[0 0 2 5] H9!4, !2)8{C^^n^M:$x§§^®]f^^^ 
^^it'*)5 0 0 8, Lft^61tli»2 2 

0 CD®d^ ^ ^ ^ u/ ^S'J IC^W 1" % o ^-^^ y ~/X tf ^ 
iryv 1 2 0 00 y ir y h U^KDlSCE^^r^> r >> / ^ C 3 \C 
RfiKL, ®2 1 2 Oco^^x-^fi 

[^^t^llE^^t^^C2(Ct?Il > C2h C 
3lzSfKbfe*JE^^7>^$^-C^r^^°v'^C 1 ^^r 
eoiftfpjftUJsitS^JEESrWfJBI-Sr S37f^ 

T, —O^^fs-^V p , Vr amp^it^l/dl it 
m£titi1£m&y >^^ir/u3 2 0CMt5 o M9i:# 

*<o*7-v7mzfcj&tf7F$tix&*) , ai, 4s-^7-5/ 

[0 0 2 6] ffs %ll X^ryZf (reset mod 
e) ZUW-rZo Eih^^^^TxH-^!: 

>ilir yfV >^*L, tl/^yaV h7>vx^Sxar 
^ — >*>IZ± y7'4 >^-tthl^ l J^v h U-</UC0^1E 
V r e s e L V — ^ 7*d7I«7> *>'^ ^ D x h 
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-fttfrlb % Vp=Vreset-Vth' frffcleLtSiX 

C £ S&iC3E*iCtt f Vp=V r e s e t 

- (Vth+Voffsct) ' t^5c / — K 

SffiV r a mp^BttfffV start i?flJJ|jqSilS. 
fi£oT, roD^^li. 'V r a mp = V start' 

[0 0 2 7] »U7-y^ X-f y^SK S 10 

2^y^X^A'^vK 3lcTlEft*2©J:?ttflt 

[ft* 2 ] V c 3 = V r e s e t - (Vth + Voff 
set) — V s t a r t 

[0 0 2 8] #:V^T\ %2 *y-yy (charge t 
ransfer mode) Xte, t? i?^ 1 2 0 

oX-ISt*— *»cR^i-5*Efclt(MB2 2 0 idppjnl- 

>t>tt, 7* Y¥4Jr— KPDlcJ: 9 3S£S*xfcfll 20 

& 0 rco^^coy- MBJEf*, 'VpixeT 

/ — KN 1 (DWT-tt 'Vni =Vpixel- 
(Vth + Vof f set) ' 2 fl^cO* 

S3, S4^^^^f^V$tlt2(|5|<7)-<W^ 
^ i nu 1 n 2(nWl\%&\Z.WL^'t m Z>W3c.***'*is# 
C2, C3^»fi$il5«t^ct5 e ^^C2 4 
c 3 lc«iBSixS18BE(i, 'V c 1 a m p l ' , 

4 V c 1 a m p 2 ' t fc£o 

[0 0 2 9] r *>f ^S 1 1 Kyy^ffrh 30 

ij^-C*'f yf^->^ixti^t^, ^-V^v^C 2(C 
l:TFE«*3W*JEmjKSn, **'**s9C llcttT 

] Vc2 =Vpixel - (Vth+Voff 
set) — Vclampl 

Iffc&l ]Vci =Vclampl-Vclamp2 
[0 0 3 0] mi fcJB2^^y^co«iflFSrlEai-ixtf, 
%\ 7^7- yzf^ZS^^X^-Y'^isf C3H 'Vreset 40 

- (Vth+Voff set) - V s t a r t * <OW± 

>#a*i* m2 ^yra^^t^y 

^C2l: 'V p i x e 1 — (Vth+Voff set) 
-Vclampl' ©tE^t>yy V^SitS. A^A 

y^>ymt¥\cx *)±id<D*+' K ->*c 3, c 

2^WUT^^^7ir y hfflWSl ScffiSS HXBfti $ 
[0 0 3 11 J:l^ S37f^y (count mo 



10 

fl^ittfei-^Tt^Ic^^ v^S 2 yft>t5. 
SI. S3, S 4^^^#ctg(rfc^fc«> > *^v-*C 

i, C2 N c 3comjEf±^v^rf^$n^ 0 
[0032] z<omo. % 1 >r 1 n 1 coa^h 

JEN 3 te x TKaxt5lcJ;ortt:^(bH, ^5lc$Cx^ 
2 4: ft* 3 SrttA-TtLtf, T»d<Oftft6 

amp^lW^ 'Vs ta r t' X'&Z>tl#>. Ztl 
^^^i:f^6i:fi:-Attilt TsE^ScsC7 £45 Q 

[££^ 5 ] V n n = V r a m p + V c n — V c 2 
[}&x£ 6 ] V n 3 = V r a m p - V s t a r t + V r e 
se t — V p i xe l+Vc I ampl 

V n 3 =Vrc sc t — V p i xc 1 + V c 1 ampl 

[0 0 3 3] ±mm^ 7 «r» Wi-^tf , V c 3 fc V c 2 
UHKELTl^fcV thtVof ( set ir^^^^nfc 

T\ ftoTl^StfLfi, 'V reset- V pixel' 

Lt, «JBEV clampKtlW ^ 
I N 1 (Dmi¥&X*&Z>tzlsb, i&l 4 — I N 1 (OA 

2j«JE# 'Vc 1 amp 1" t ftSWIB^ItRWM fc 4 

[0 0 3 4] r^f;3Xry7°:3Vn'7yft 
/U3 2 0 ^r^ib^^Sfc^tC^ y^-Y * — z/^m^rh a 
tch_EN^Hi ghiCt^r-O'^^^ 7V7"fH 

^V^^cffoT, Wn^«:*i)>^510^ 

[^Ct^ 8] Vramp=Vs tar t — A V 
[0 0 3 5] »*8*»*6[rftX^ft«, «1 

[ft* 9] Vn3 = (Vreset— V pixel) - 
A V + V c 1 ampl 

3^ WM^ffiai-ixtf 'Vreset- V pixel' 

4:Rii:< *shj-^*>s. sw^-^in 

l co A JjSF.a 5 'Vclampl' 4r<c^irH^F^2 
-r>-<— ^ I N 2C07v^ffiBEtWif^aET-*)S 'Vc 1 
amp 2' kt£^>X 2B<r>^ >s<— ? tf&ft&^hZ) Z 

[0036] wOUijRdutttsnswiw-e*! 1 ), wcoij 
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S5iS«»: (ground) \zmto& 0 CCD J: ?|CV a*? 

0<ntt^s*j^W^7 ^^ir^3 2 OictMrtSttSo -co 
-CfcS, y yf*t;u3 2 Oicft^iS^fcf*— ^ 

f^&^t^ ?^*-y;HI*LatchJ';N 

[0 0 3 7] flri£L*:.fc3K, *«W<nJt«SMIi, it 10 
i^ti»»f:f i, in 

i: if ^ (o x\ j j K«s**-r & - ^ 

fflffli t t\s =*' V Xju £ »n«ft $ * s r i a< x # 6 0 
ftits^s^&^w-c, M^y^^$^«)(c 20 
[oo3 8] («, ^w*. *mnmw&h]nz>b<Dx~ 

[0 0 3 9] 

imW<F>$h$k] ±idib/cJ: Sic, *»Wi2i36»*^tt:(S3S 30 

PMti CMO S >f ^ - ^ >f S W W t7t y h 
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